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We study supersymmetric composite gauge theory, supplemented with compensator mechanism. As 
our ﬁrst example, we give the formulation of N = 1 supersymmetric non-Abelian composite gauge 
theory without the kinetic term of a non-Abelian gauge ﬁeld. The important ingredient is the Proca–
Stueckelberg-type compensator scalar ﬁeld that makes the gauge-boson ﬁeld equation non-singular, 
i.e., the ﬁeld equation can be solved for the gauge ﬁeld algebraically as a perturbative expansion. As 
our second example, we perform the gauging of chiral-symmetry for N = 1 supersymmetry in four 
dimensions by a composite gauge ﬁeld. These results provide supporting evidence for the consistency 
of the mechanism that combines the composite gauge ﬁeld formulations and compensator formulations, 
all uniﬁed under supersymmetry.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
The ﬁrst work for the supersymmetric formulation of compos-
ite gauge ﬁeld seems to be the paper by B. Milewski [1], where 
a gauge ﬁeld is deﬁned as the quadratic form of a scalar ﬁeld 
sandwiching a derivative, given schematically by Aμ = i(ϕ†∂μϕ). 
Accordingly, the covariant derivative on ϕ is
Dμϕ ≡ ∂μϕ + i(iϕ†∂μϕ)ϕ . (1.1)
The noteworthy feature of such a construct is the appearance of a 
cubic interaction. In practice, this sort of system is cumbersome to 
handle, because of cubic-interaction terms.
Independent of such supersymmetric composite gauge ﬁeld 
theory constructions, the supersymmetrization [2,3] of Proca–
Stuckelberg (compensator) formulation [4] has also been achieved. 
This compensator formulation has been also applied to the gaug-
ing of the dilaton-shift symmetry in N = 1 supergravity in four 
dimensions (4D) [5]. These formulations are all inspired by recent 
developments in supersymmetric tensor-hierarchy formulation of 
consistent interactions for non-Abelian tensor ﬁelds [6,7].
According to the bosonic non-Abelian compensator mechanism 
[8], the scalar ﬁeld ϕ I with the adjoint index I couples to the non-
Abelian gauge ﬁeld as
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I ≡ [ (∂μeϕ)e−ϕ ]I +mAμ I , (1.2)
so that the kinetic term in the lagrangian is −(1/2)(Pμ I )2, which 
is at most quadratic in Aμ I . The advantage of this formulation is 
that the Aμ I -ﬁeld equation is1
Aμ
I .= −m−1[ (∂μeϕ) e−ϕ]I + Jμ I
= −m−1∂μϕ I + Jμ I +O(2) , (1.3)
where Jμ I is other current terms, while O(2) are quadratic 
terms in fundamental ﬁelds. The expansion (1.3) starts with ∂μϕ I , 
when the exponential function is expanded. The Jμ I is typically 
made of fermionic ﬁelds, coming from their kinetic terms. As is 
easily seen, the lowest-order term in (1.3) directly gives the leading 
term ∂μα I of the gauge transformation of Aμ I . Accordingly, all la-
grangian terms become quadratic, which are easier to handle. Even 
though the composite-ﬁeld formulation in [3] also has some non-
polynomial terms, these terms are all related to non-Abelian cou-
plings, in contrast with the conventional formulation such as (1.1), 
where even the lowest-order term is already quadratic.2 Another 
drawback in the conventional composite gauge ﬁeld formulation is 
that the gauge ﬁeld equation results in the vanishing of its source 
current, that restricts the dynamical freedom of source ﬁelds. If we 
1 We use the symbol 
.= for ﬁeld equations.
2 More detailed explanation is found in the next section. under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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earizing’ the composite ﬁeld, that avoids higher-order terms such 
as (1.1), or the introduction of unnecessary constraints on ﬁelds.
Based on this philosophy, we formulate in this paper two mod-
els of supersymmetric composite gauge ﬁeld theories in four di-
mensions (4D), following the compensator mechanisms in [3,5]. 
Our ﬁrst model has the ﬁeld content with the following three mul-
tiplets: (i) Vector multiplet (VM) (Aμ I , λI , Cμνρ I ), (ii) Compensator 
tensor multiplet (CTM) (Bμν I , χ I , ϕ I ), and (iii) Chiral multiplet 
(CM) (Ai, Bi, ψ i, F i, Gi). Since our objective is to work with com-
posite-gauge ﬁelds, we do not supply the kinetic terms for the VM.
Our second model has the VM (Aμ,λ,Cμνρ) plus CTM (Bμν,
χ,ϕ) coupled to chiral multiplet (CM) (A, B, ψ, F , G) in 4D. The 
global chiral-symmetry of the CM is gauged with the axial vec-
tor Aμ with the compensator pseudo-scalar ϕ . We show that the 
compensator formulation for the chiral-symmetry indeed works 
without the kinetic term of the VM, namely, the composite gauge 
formulation is shown to be possible even for chiral-symmetry of 
N = 1 supersymmetry.
The formulation of ‘composite gauge’ ﬁelds in supersymmetric 
theories is not new. For example, in the context of N = 8 super-
gravity in 4D [9], its scalar ﬁelds arrange themselves to form a 
composite gauge ﬁeld for the isotropy group SU(8) of E7(+7)/SU(8), 
as a hidden gauge symmetry. There are differences as well as sim-
ilarities, between our formulation and [9]. One similarity is that 
our gauge ﬁelds have no kinetic term as in [9]. The difference is 
that our gauge ﬁelds are regarded as an independent ﬁelds from 
the outset, with no rearrangement by scalars is needed to form 
the composite gauge ﬁelds as hidden symmetry. In this sense, our 
system with manifest symmetry is easier to handle than hidden
symmetries. In a sense, our approach is similar to the so-called 
1st-order formalism in supergravity [10].
In the next section, we describe the purely bosonic case of 
composite gauge ﬁeld mechanism, based on a compensator formu-
lation. In section 3, by using a compensator, we perform the typical 
supersymmetric formulation of non-Abelian composite gauge ﬁeld 
with global N = 1 supersymmetry. In section 4, we present an-
other example of gauging the chiral-symmetry [11] of an N = 1
chiral multiplet in 4D, by a composite gauge ﬁeld combined with 
a compensator. Section 5 is devoted to the concluding remarks.
2. Scalar compensator for composite gauge ﬁeld
We ﬁrst clarify the crucial role played by the compensator ﬁeld 
in the composite gauge ﬁeld formulation. In elucidating the role of 
a compensator scalar ﬁeld for a composite gauge ﬁeld, we employ 
a toy model with the ﬁeld content consisting of the non-Abelian 
gauge ﬁeld Aμ I , a compensator real scalar ﬁeld ϕ I , another real 
scalar ﬁeld φi and a Majorana ﬁeld ψ i . For simplicity, we consider 
the gauge group SO(N ), and the index I (or i) is for the adjoint (or 
vectorial) representation, so that all generators are antisymmetric: 
(T I ) jk = −(T I )kj .
Consider our action I0 ≡m2
∫
d4x L0 with the lagrangian3
L0 = −(Pμ I )2 − 12 (Dμφi)2 + 12 (ψ i/Dψ i) , (2.1)
where there is no kinetic term for the gauge ﬁeld Aμ I , because the 
gauge ﬁeld is taken to be composite. The Pμ I is the ﬁeld strength 
of the compensator ﬁeld ϕ I , deﬁned by
3 Our lagrangian has the dimension of (mass)2, so that there is the factor 
m2 needed in the action in front of the lagrangian. Relevantly, our fundamental 
fermionic (or bosonic) ﬁelds have dimension m1/2 (or m0), so that the minimal 
gauge-coupling constant has the mass dimension m.Pμ
I ≡ [ (∂μeϕ) e−ϕ ]I +mAμ I ≡ P (0) Iμ +mAμ I . (2.2)
The inﬁnitesimal gauge transformation rule of the non-Abelian 
group is
δT (e
ϕ)I = −m(αeϕ)I ,
δT Aμ
I = Dμα I ≡ ∂μα I +mf I J K Aμ JαK , (2.3a)
δTφ
i = −m(T J )ikα Jφk ,
δTψ
i = −m(T J )ikα Jψk . (2.3b)
It is easy to see that δT Pμ I = −mf I J Kα J PμK .
The ﬁeld equation of Aμ I is
Pμ
I .= + 12 (ψγμT Iψ) + 12 (φT I Dμφ) , (2.4)
where (ψγμT Iψ) ≡ (T I ) jk(ψ jγμψk), and (φT I Dμφ) ≡
(T I ) jkφ j Dμφk .
The importance of ϕ is now elucidated. Note that there is a 
linear Aμ I -ﬁeld involved in Pμ I on the LHS. This enables us to 
solve (2.4) locally and algebraically for Aμ I :
mMI J Aμ
J .= −P (0) Iμ + 12 (ψγμT Iψ) + (φT I∂μφ)
⇒
Aμ
I .=m−1(M−1)I J
[
−P (0) Jμ + 12 (ψγμT Jψ) + (φT J ∂μφ)
]
=m−1(I + N + N2 + · · ·)I J
×
[
−{(∂μeϕ)e−ϕ} J + 12 (ψγμT Jψ) + (φT J ∂μφ)] ,
(2.5)
where P (0) Iμ is deﬁned in (2.2), while MI J ≡ δ I J − (φT I T Jφ) ≡
δ I J − NI J . The crucial ingredient here is the existence of the unit 
matrix I inside M = I − N that enables us to give the expression 
for Aμ I explicitly as an inﬁnite but perturbative series in terms of 
the matrix N .
This is very contrastive to the usual case without the compen-
sator ﬁeld, because in the latter, the unit-matrix in M = I − N is 
absent, so that M−1 = −N−1 becomes singular in the zero-ﬁeld 
limit φ → 0, N → 0, M−1 → ∞. The drawback of such singular-
ity is the lack of perturbative treatment of the usual formulation. 
To the contrary in our formulation, the composite gauge ﬁeld Aμ I
in (2.5) is non-singular, so it is compatible with the perturbation 
around the zero v.e.v. limits.
The ‘gauge ﬁeld’ of (2.5) indeed transforms as the covariant gra-
dient:
δT Aμ
I .= Dμα I . (2.6)
Here we used the symbol 
.=, due to the Aμ I -ﬁeld equation (2.5)
used. This can be conﬁrmed by the following useful lemmas:
δT P
(0)I
μ = −m∂μα I −mf I J Kα J P (0)Kμ ,
δT N
I J = −2 f K L(I|αK N | J )L , (2.7a)
δT (N
p)I J = −2 f K L(I|αK (Np)| J )L (p = 1, 2, 3, · · ·) , (2.7b)
δT (M
−1)I J = −2 f K L(I|αK (M−1)| J )L . (2.7c)
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has a non-vanishing ﬁeld strength, that can not be gauged away. 
For simplicity to see this, we truncate φi , keeping only ψ4:
Aμ
I .= −m−1P (0)Iμ + 12 m−1(ψ iγμT Iψ) (2.8)
leading to5
0
?= Fμν I ≡ +2∂[μAν] I +mf I J K Aμ J Aν K
.= −2m−1(ψγ[μT I Dν]ψ)
+ 2m−1 f I J K (ψγ[μT Jψ)P (0)Kν] +O(ψ4) = 0 , (2.9)
where we used (ψγμT I T Jψ) = 12 f I J K (ψγμT Kψ).
In the usual case with no compensator ﬁeld ϕ I , we rely on a 
Higgs mechanism, accompanied by the non-zero v.e.v. for φi . Ac-
cordingly, the matrix M in (2.5) gains the v.e.v. term, playing a role 
similar to our compensator ϕ I . However, our formulation with the 
compensator mechanism is much easier, because we have neither
to shift v.e.v.s, nor to break gauge symmetry.
3. Supersymmetric composite gauge ﬁeld
In the previous section, we have seen the crucial role played by 
the compensator ϕ I . In this section, we supersymmetrize such a 
non-supersymmetric system.
As has been alluded to previously, we consider three multi-
plets: (i) VM (Aμ I , λI , Cμνρ I ), (ii) CTM (Bμν I , χ I , ϕ I ), and (iii) CM 
(Ai, Bi, ψ i, F i, Gi). The Cμνρ I -ﬁeld in the VM is kind of auxiliary, 
dual to the conventional D-auxiliary ﬁeld. The two multiplets VM 
and CTM are for the supersymmetric compensator formulation de-
scribed in our previous paper [12]. Compared with [12], the only 
difference is the existence of the CM that gives the terms like 
(φT Tφ) or the (ψT Dψ)-terms in the Aμ I -ﬁeld equations, as we 
saw in section 2.
After all, our total action I1 ≡m2
∫
d4x L1 has the lagrangian
L1 = − 112 (Gμνρ I )2 + 12 (χ I/Dχ I ) − 12 (Pμ I )2 +m(λIχ I )
− 12 (DμAi)2 − 12 (DμBi)2 + 12 (ψ i/Dψ i)
+ 12 (F i)2 + 12 (Gi)2 +m(T I ) jk(λIψ j)Ak
+ im(T I ) jk(λIγ5ψ j)Bk −m(T I ) jk H˜ I A j Bk . (3.1)
Since we are aiming for a composite gauge ﬁeld Aμ I , we do not
give its kinetic term as per our prescription. This also implies the 
lack of the kinetic terms for its partner ﬁelds λI and Cμνρ I . Our 
ﬁeld strengths are deﬁned by [12]
Fμν I ≡ +2D[μAν] I + 2 f I J K Aμ J Aν K +m−1 f I J K Pμ J Pν K
≡ Fμν I +m−1 f I J K Pμ J Pν K , (3.2a)
Gμνρ
I ≡ +3D[μBνρ] I +mCμνρ I , (3.2b)
Hμνρσ
I ≡ +4D[μCνρσ ] I + 6 f I J K F [μν J Bρσ ]K , (3.2c)
H˜ I ≡ + 124 μνρσ Hμνρσ I , (3.2d)
Pμ
I ≡ + [ (Dμeϕ)e−ϕ ]I ≡ [ (∂μeϕ + Aμeϕ)e−ϕ ]I . (3.2e)
Even though Fμν I and Hμνρσ I are not directly involved in the 
lagrangian L1, they are important for the invariance δQ I1 = 0, and 
for the Bianchi identities (BIs)
4 If we can show that Fμν I = 0 for the case of φi = 0 and ψ i = 0, it is enough 
for the proof of Fμν I = 0 for φi = 0 and ψ i = 0.
5 We use a symbol 
?= for an equality under question.D[μFνρ] I ≡ + f I J KF[μν J Pρ]K , (3.3a)
D[μGνρσ ] I ≡ + 14 mHμνρσ I , (3.3b)
D[μPν] I ≡ + 12 mFμν I . (3.3c)
Needless to say, there is no corresponding BI for Hμνρσ I , because 
of its highest rank in 4D.
Our action I1 is invariant under N = 1 supersymmetry6
δQ Aμ
I = +(γμλI ) −m−1 f I J K (χ J )PμK , (3.4a)
δQ λ
I = + 12 (γ μν)Fμν I − 124 (γ [4])H[4] I
− 14 f I J K
[
 (λ Jχ K ) + (γμ)(λ Jγ μχ K )
+ (γμν)(λ Jγ μνχ K ) − (γ5γμ)(λ Jγ5γ μχ K )
− 3(γ5)(λ Jγ5χ K )
]
, (3.4b)
δQ Cμνρ
I = +(γμνρλI ) − 3 f I J K (δQ A[μ J )Bνρ]K , (3.4c)
δQ Bμν
I = +(γμνχ I ) , (3.4d)
δQ χ
I = + 16 (γ [3])G[3] I − (γ μ)Pμ I , (3.4e)[
(δQ e
ϕ)e−ϕ
]I = +(χ I ) , (3.4f)
δQ A
i = +(ψ i) , δQ Bi = +i(γ5ψ i) , (3.4g)
δQ ψ
i = −(γ μ)DμAi + i(γ5γ μ)DμBi
−  F i − i(γ5)Gi , (3.4h)
δQ F
i = +(/Dψ i) +m(T J )ik(λ J )Ak
+ im(T J )ik(γ5λ J )Bk , (3.4i)
δQ G
i = +i(γ5/Dψ i) + im(T J )ik(γ5λ J )Ak
−m(T J )ik(λ J )Bk . (3.4j)
The general transformations for our ﬁeld strengths are
δFμν I = +2D[μ(δA|ν] I ) + 2m−1 f I J K (δP [μ J )Pν]K , (3.5a)
δGμνρ
I = +3D[μ(δBνρ] I ) +
[
δCμνρ
I + 3 f I J K (δA[μ J )Bνρ]K
]
≡ +3D[μ(δBνρ] I ) + δ˜ Cμνρ I , (3.5b)
δHμνρσ
I = +4D[μ(˜δ Cνρσ ] I ) + 4 f I J K (δA[μ J )Gνρσ ]K
− 6 f I J K (δB[μν J )Fρσ ]K , (3.5c)
δPμ
I = Dμ
[
(δeϕ)e−ϕ
]I + f I J K [ (δeϕ)e−ϕ ] J PμK
+m δAμ I . (3.5d)
As in [12], the three different gauge transformations for the 
gauge ﬁelds Aμ I , Bμν I and Cμνρ I , called δT , δU and δV are 
needed. Their explicit transformations are
δT Aμ
I = +Dμα I , δT (eϕ)I = −m(αeϕ)I , (3.6a)
δT (Bμν
I , Cμνρ
I , λI , χ I )
= − f I J Kα J (Bμν K , Cμνρ K , λK , χ K ) , (3.6b)
δT (A
i, Bi, ψ i, F i, Gi) = −(T J )ikα J (Ak, Bk, ψk, Fk, Gk) , (3.6c)
δU Bμν
I = +2D[μβν] I ,
δU Cμνρ
I = +3 f I J Kβ[μ J Fνρ]K , (3.6d)
δV Cμνρ
I = +3D[μγνρ] I , δV Bμν I = −mγμν I . (3.6e)
6 We use the symbol [n] for totally antisymmetric n indices μ1 ···μn to save space.
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a corollary, we get the covariance and invariance of all of our ﬁeld 
strengths:
δT (Pμ
I , Fμν
I , Gμνρ
I , Hμνρσ
I )
= − f I J Kα J (PμK , Fμν K , Gμνρ K , Hμνρσ K ) , (3.7a)
δU (Pμ
I , Fμν
I , Gμνρ
I , Hμνρσ
I ) = 0 ,
δV (Pμ
I , Fμν
I , Gμνρ
I , Hμνρσ
I ) = 0 . (3.7b)
As the conﬁrmation of the total consistency of our system, we 
ﬁrst derive all ﬁeld equations, and next investigate their consis-
tency. The ﬁeld equations are
δ I1
δλI
= +mχ I +m(T I ) jkψ j Ak + im(T I ) jk(γ5ψ j)Bk .= 0 , (3.8a)
δ I1
δχ I
= +/Dχ I +mλI .= 0 , (3.8b)
δ I1
δψ i
= +/Dψ i +m(T J )ikλ J Ak + im(T J )ik(γ5λ J )Bk .= 0 , (3.8c)
δ I1
δAμ I
= −mPμ I + 3 f I J K Bνρ J
(
δ I1
δCμνρ K
)
− 12 mf I J K (χ Jγ μχ K ) + 12 m(T I ) jk(ψ jγ μψk)
+m(T I ) jk(A jDμAk + B jDμBk)
− 16 μνρσ f I J K (T J )lmGνρσ K AlBm
.= 0 , (3.8d)
δ I1
δBμν I
= + 12 DρGμνρ I − 14 mμνρσ f I J K (T J )lm Fρσ K AlBm
.= 0 , (3.8e)
δ I1
δCμνρ I
= − 16 m
[
Gμνρ I + μνρσ (T I ) jkDσ (A j Bk)
]
.= 0 , (3.8f)
δ I1
[ (δeϕ)e−ϕ ]I
= +DμPμ I .= 0 , (3.8g)
δ I1
δAi
= +D2μAi −m(T J )ik(λ Jψk) −m(T J )ik H˜ J Bk .= 0 , (3.8h)
δ I1
δBi
= +D2μBi − im(T J )ik(λ Jγ5ψk) +m(T J )ik H˜ J Ak .= 0 , (3.8i)
δ I1
δF i
= +F i .= 0 , δ I1
δGi
= +Gi .= 0 . (3.8j)
The consistency of the Aμ I -ﬁeld equation (3.8d) is conﬁrmed 
by the vanishing of its divergence by the use of other ﬁeld equa-
tions:
0
?= +Dμ
(
δ I1
δAμ I
)
= −m
[
+ f I J K
{
λ J
(
δ I1
δλK
)}
+ f I J K
{
χ J
(
δ I1
δχ K
)}
− (T I ) jk
{
ψ j
(
δ I1
δψk
)}
+ f I J K Bμν J
(
δ I1
δBμν K
)
+ f I J K Cμνρ J
(
δ I1
δCμνρ K
)
+ δ I1{(δeϕ)e−ϕ}I − (T
I ) jk A j
(
δ I1
δAk
)
− (T I ) jk B j
(
δ I1
δBk
) ]
.= 0 , (3.9)where 
?= is an ‘equality under investigation’. In (3.9), we have used 
ﬁeld equations only at the last equality. We can check similar di-
vergences of the Bμν I and Cμνρ I -ﬁeld equations:
0
?= Dν
(
δ I1
δBμν I
)
= − 32 f I J K Fνρ J
(
δ I1
δCμνρ I
) .= 0 , (3.10a)
0
?= Dρ
(
δ I1
δCμνρ I
)
= − 13 m
(
δ I1
δBμν I
) .= 0 . (3.10b)
These results are consistent with the δT , δU and δV -invariances 
of our action I1, since
0 = δT I1 = −α I Dμ
(
δ I1
δAμ I
)
−mα I
[
+ f I J K
{
λ J
(
δ I1
δλK
)}
+ f I J K
{
χ J
(
δ I1
δχ K
)}
− (T I ) jk
{
ψ j
(
δ I1
δψk
)}
+ f I J K Bμν J
(
δ I1
δBμν K
)
+ f I J K Cμνρ J
(
δ I1
δCμνρ K
)
+ δ I1{(δeϕ)e−ϕ}I − (T
I ) jk A j
(
δ I1
δAk
)
− (T I ) jk B j
(
δ I1
δBk
) ]
, (3.11a)
0 = δU I1 = +2βμ I
[
Dν
(
δ I1
δBμν I
)
+ 32 f I J K Fνρ J
(
δ I1
δCμνρ I
)]
,
(3.11b)
0 = δV I1 = −3γμν I
[
Dρ
(
δ I1
δCμνρ I
)
+ 13 m
(
δ I1
δBμν I
)]
.
(3.11c)
As an important investigation, we solve the Aμ I -ﬁeld equation 
(3.8d) for Aμ I itself, and see its δT -transformation, as follows. First, 
from (3.8d), we get
Aμ
I .= (M−1)I J
[
−m−1 {(∂μeϕ)e−ϕ} J − 12 m−1 f J K L(χ Kγμχ L)
+ 12 m−1(T J )kl(ψkγμψ)
+m−1(AT J ∂μA) +m−1(BT J ∂μB)
+m−2 f J K L G˜ μK (AT L B)
]
, (3.12)
where (AT J ∂μA) ≡ Ak(T J )k ∂μA , (AT L B) ≡ A j(T L) jk Bk , etc., and
MI J ≡ δ I J − (AT I T J A) − (BT I T J B) ≡ δ I J − NI J = M J I . (3.13)
Second, by the useful lemmas, such as
δT N
I J = −2 f (I|K LαK NL| J ) ,
δT (M
−1)I J = −2 f (I|K LαK (M−1)L| J ) ,
δT
[
(AT I∂μA) + (BT I∂μB)
]
= −mf I J Kα J
[
(AT K ∂μA) + (BT K ∂μB)
]
−mNI J ∂μα J , (3.14)
we can conﬁrm the desirable transformation rule for (3.12):
δT Aμ
I .= ∂μα I +mf I J K Aμ JαK = Dμα I . (3.15)
The crucial point is that all gradient-terms with ∂μα I in δT [RHS 
of (3.12)] combine themselves to form a factor MI J to cancel 
(M−1)I J , yielding the unit strength in front of the gradient ∂μα I . 
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again with the unit strength, with exactly the same expression of 
Aμ I in the RHS of (3.12) itself.
As careful readers may have noticed, the m(λχ)-term in our 
lagrangian (3.1) represents the crucial importance of the compen-
sator mechanism. This m(λχ)-term is a supersymmetric partner 
term for the minimal coupling in the kinetic term −(1/2)(Pμ I )2. 
Because of this m(λχ)-term, the λ-ﬁeld equation (3.8a) has the 
ﬁrst mχ -term, that prohibits the vanishing of the remaining two 
terms in (3.8a). To be more speciﬁc, if the m(λχ)-term were absent 
in the lagrangian, the λ-ﬁeld equation would yield the constraint
m(T I ) jk
[
ψ j Ak + i(γ5ψ j)Bk
] .= 0 , (3.16)
which would reduce the freedom of the Ai and/or B j-ﬁelds, be-
cause (3.16) would be proportional to the supersymmetric variation
δQ
[
(T I ) jk A j Bk
]
= (T I ) jk
[
(γ5ψ
j)Ak + i(ψ j)Bk
]
. (3.17)
Due to supersymmetry, this would imply the vanishing of
(T I ) jk A j Bk itself, which would reduce the freedom of Ai and Bi .
4. Gauged chiral-symmetry with composite gauge ﬁeld
Our formulation has other examples. A good and simple appli-
cation is the gauging of chiral-symmetry with N = 1 supersym-
metry in 4D [5]. This chiral-symmetry resembles the conventional 
R-symmetry [11,13], but is different. This is because our chiral-
symmetry does commute with supersymmetry transformation δQ . 
The original global version of chiral symmetry is given with the 
parameter η in section 5 of the paper by Wess and Zumino [11].
To this end, our ﬁeld content has three multiplets: (i) Abelian 
VM (Aμ, λ, Cμνρ), (ii) CTM (Bμν, χ, ϕ), and (iii) CM (A, B,ψ,
F , G). We consider the local Abelian chiral-symmetry for the CM 
with the transformation rule
δT (A, B, ψ, F , G) =mα(−B, A, −iγ5ψ, G, −F ) ,
δT Aμ = +∂μα , (4.1)
with the inﬁnitesimal real local parameter α. Accordingly, we de-
ﬁne the T-covariant derivatives on the CM as
DμA ≡ ∂μA +mAμB , DμB ≡ ∂μB −mAμA ,
Dμψ ≡ ∂μψ + imAμγ5ψ , (4.2a)
DμF ≡ ∂μF −mAμG , DμG ≡ ∂μG +mAμF , (4.2b)
transforming in a desirable fashion:
δT (DμA) = −mα(DμB) , δT (DμB) = −mα(DμA) ,
δT (Dμψ) = +imαγ5(Dμψ) , (4.3a)
δT (DμF ) = +mα(DμG) , δT (DμB) = +mα(DμA) . (4.3b)
With these preliminaries, we now consider our total action I2 ≡
m2
∫
d4L2, where
L2 = − 112 (Gμνρ)2 + 12 (χ/Dχ) − 12 P2μ +m(λχ)
− 12 (DμA)2 − 12 (DμB)2 + 12 (ψ/Dψ) + 12 F 2 + 12 G2
−m(λψ)A − im(λγ5ψ)B + 12 mH˜ (A2 + B2) . (4.4)
As in the last section, we put no kinetic terms for the VM, since 
we are formulating a composite VM. The ﬁeld strengths are essen-
tially the same as in section 3, except that non-Abelian terms are 
absent:Fμν ≡ +2∂[μAν] I , Gμνρ ≡ +3∂[μBνρ] +mCμνρ , (4.5a)
Hμνρσ ≡ +4∂[μCνρσ ] , H˜ ≡ 14! [4]H[4] ,
Pμ ≡ +Dμϕ ≡ ∂μϕ +mAμ . (4.5b)
The N = 1 supersymmetry transformation rule is
δQ Aμ = +i(γ5γμλ) ,
δQ λ = i2 (γ5γ μν)Fμν +  H˜ , (4.6a)
δQ Cμνρ = +i(γ5γμνρλ) , (4.6b)
δQ Bμν = +i(γ5γμνχ) , δQ ϕ = +i(γ5χ) , (4.6c)
δQ χ = − i6 (γ5γ [3])G[3] + i(γ5γ μ)Pυ , (4.6d)
δQ A = +(ψ) , δQ B = +i(γ5ψ) , (4.6e)
δQ ψ = −(γ μ)DμA + i(γ5γ μ)DμB −  F − i(γ5)G , (4.6f)
δQ F = +(/Dψ) −m(λ)A − im(γ5λ)B , (4.6g)
δQ G = +i(γ5/Dψ) − im(γ5λ)A +m(λ)B . (4.6h)
Relevantly, the δU and δV -transformations on our ﬁelds are
δU Bμν = 2∂[μβν] , δV Bμν = −mγμν ,
δV Cμνρ = +3∂[μγνρ] . (4.7)
The transformations of other ﬁelds, such as δU Cμνρ are zero. All 
of our ﬁeld strengths are invariant under (4.7): δU (Fμν, Gμνρ,
Hμνρσ , Pμ) = δV (Fμν, Gμνρ, Hμνρσ , Pμ) = (0, 0, 0, 0).
The ﬁeld equations of our system are
δ I2
δAμ
= −mPμ −mBDμA +mADμB − i2 m(ψγ5γ μψ)
.= 0 , (4.8a)
δ I2
δλ
= +mχ − im(γ5ψ)B −mψ A .= 0 , (4.8b)
δ I2
δCμνρ
= − 16 m
[
Gμνρ − 12 μνρσ ∂σ (A2 + B2)
] .= 0 , (4.8c)
δ I2
δBμν
= + 12 ∂ρGμνρ
.= 0 ,
δ I2
δϕ
= +∂μPμ .= 0 , δ I2
δχ
= +/∂χ +mλ .= 0 , (4.8d)
δ I2
δA
= +D2μA −m(λψ) +mH˜ A .= 0 , (4.8e)
δ I2
δB
= +D2μB − im(λγ5ψ) +mH˜ B .= 0 , (4.8f)
δ I2
δψ
= +/Dψ −mλA − im(γ5λ)B .= 0 , (4.8g)
δ I2
δF
= +F .= 0 , δ I2
δG
= +G .= 0 . (4.8h)
As in section 3, the consistencies of Aμ, Bμν and Cμνρ -ﬁeld 
equations are associated with the δT , δU and δV -invariances of 
our action I2:
∂μ
(
δ I2
δAμ
)
+mB
(
δ I2
δA
)
−mA
(
δ I2
δB
)
+ imψγ5
(
δ I2
δψ
)
−mG
(
δ I2
δF
)
+mF
(
δ I2
δG
)
≡ 0 , (4.9a)
∂ν
(
δ I2
δBμν
)
≡ 0 ,
∂ρ
(
δ I2
δC
)
+ 13 m
(
δ I2
δB
)
≡ 0 . (4.9b)μνρ μν
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in (4.7).
We can solve the Aμ-ﬁeld equation (4.8a) for Aμ itself
Aμ
.= −m−1(1+ A2 + B2)−1
×
[
∂μϕ + (B∂μA − A∂μB) − i2 (ψγ5γμψ)
]
. (4.10)
We can also conﬁrm the desirable δT -transformation of this com-
posite ﬁeld:
δT Aμ
.= ∂μα , (4.11)
by the use of δT (∂μϕ) = −m ∂μα, etc.
The importance of the compensator ϕ is also clear in (4.10). 
Because if ϕ were absent, the ﬁrst unity-term in (1 + A2 + B2)
would disappear, and so would the ∂μϕ in (4.10), and eventually 
Aμ would become singular in the limits A → 0 and B → 0. This 
would be a setback, because the perturbation around the zero-
v.e.v. would not make sense.
Note also that our ﬁeld strength of Aμ does not vanish, as seen 
perturbatively:
(4.10) ⇒ Aμ .= −m−1
[
∂μϕ + B∂μA − A∂μB − i2 (ψγ5γμψ)
]
+O(3)
⇒ Fμν .= + 4m−1(∂[μA)(∂ν]B) + im−1(ψγ5γ[μ∂ν]ψ)
+O(3) = 0 . (4.12)
Thus our Aμ in (4.10) can not be gauged away, and our local
chiral-symmetry is solid symmetry, that does not disappear even 
for different gauge-frames.
5. Concluding remarks
In this work, we have studied supersymmetric composite gauge 
theories supplemented with a compensator mechanism. We have 
combined the three originally un-related formulations:
(i) Composite gauge ﬁeld formulation.
(ii) Non-Abelian compensator formulation.
(iii) N = 1 supersymmetrization.
This combination is also a natural extension of our recent work 
[3] on supersymmetric compensator mechanism. The work in [3]
itself is based on the recent developments on tensor-hierarchy for 
non-Abelian tensors [6,7].
In the ﬁrst model, we have given the composite gauge ﬁeld for-
mulation for SO(N ) with a composite scalar ϕ I in the adjoint rep-
resentation, consistent with N = 1 supersymmetry. In our second 
model, we have applied a similar mechanism to chiral-symmetry 
with N = 1 supersymmetry, and see the important role played by 
the compensator ϕ .
In the past, there was no strong motivation for dealing with 
composite gauge ﬁelds, because of the drawbacks, such as the sin-
gular limit prohibiting perturbation around 0-v.e.v.’s. This setback 
is now overcome by the compensator ϕ with supersymmetrization 
motivated by our recent work [12]. The total consistency of our 
system combining compensator ﬁelds and composite gauge multi-
plets is re-conﬁrmed by N = 1 supersymmetry.
As additional consistency, we have conﬁrmed the δT -trans-
formation of our composite gauge ﬁelds (3.12) and (4.10). These 
gauge ﬁelds have non-vanishing ﬁeld strengths, so that our
δT -gauge symmetry is neither pure-gauge, nor simply gauged away.
Some readers may wonder about the renormalizability of our 
theory. Such a question is legitimate, because our composite gauge ﬁelds (3.12) and (4.10) are inﬁnite series. This is exempliﬁed by 
the scalar ﬁeld ϕ that enters as an exponential function. We argue 
that our system is renormalizable, as follows.
Before solving the Aμ I -ﬁeld equation for Aμ I itself, all inter-
actions maintain the usual quadratic structure at the lagrangian 
level, as (2.5) for a non-supersymmetric case, or (3.12) and (4.10)
for supersymmetric case show. The gauge-coupling constant m in 
section 3 has the dimension of (mass)1 in our convention, cor-
responding to the (mass)0 in the conventional ﬁeld theory. Even 
though there are exponential couplings for the compensator ϕ I , 
they are all related to non-Abelian interactions, but not to the 
composite feature. One easy way is to switch to an Abelian group, 
where all exponential factors disappear, but the composite mech-
anism still remains valid. From these viewpoints we regard our 
system as renormalizable in the conventional sense.
As for possible chiral anomaly for our 2nd model, it actually 
exists similar to triangular diagrams with three γ5γμ-factors for 
axial-vector gauge ﬁelds [14]. However, we can easily cancel it by 
doubling the CM, one with the coupling constant +m, and another 
with −m. This is because there is no mixed-vertex between these 
two CMs, so that the triangular anomaly diagrams exist for each 
CM separately with the strengths +m3 and −m3 canceling each 
other. Eventually, the quantum-level Ward-identity corresponding 
to (4.9a) is valid for the total system with a VM, a CTM, and two 
CMs.
There are two important aspects of our formulations: First, we 
now have the working examples of the aforementioned combi-
nation of composite gauge ﬁelds with non-Abelian compensators 
consistent with supersymmetry. Second, we have now explicit sys-
tems to formulate local gauge symmetry, where gauge ﬁelds are 
composite-ﬁelds with no physical degrees of freedom. These sys-
tems have desirable perturbations around zero-ﬁeld limits. Such 
systems have great advantage, when the degrees of freedom are 
restricted by supersymmetry.
The combined system of composite gauge ﬁelds and scalar com-
pensators may well provide potentially broad applications to both 
supersymmetry and supergravity in dimensions four and higher, 
superstring, M-theory, and other theories of extended objects [15].
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